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The Leaky Dielectric Model as a Weak Electrolyte Limit of an
Electrodiffusion Model1 YOICHIRO MORI, University of Minnesota, YUAN-
NAN YOUNG, New Jersey Institute of Technology — The Taylor-Melcher (TM)
model is the standard model for the electrohydrodynamics of poorly conducting
leaky dielectric fluids under an electric field. The TM model treats the fluid as an
ohmic conductor, without modeling ion dynamics. On the other hand, electrodif-
fusion models, which have been successful in describing electokinetic phenomena,
incorporates ionic concentration dynamics. Mathematical reconciliation between
electrodiffusion and the TM models has been a major issue for electrohydrodynamic
theory. Here, we derive the TM model from an electrodiffusion model where we
explicitly model the electrochemistry of ion dissociation. We introduce salt dissoci-
ation reaction in the bulk and take the limit of weak salt dissociation (corresponding
to poor conductors in the TM model.) Assuming small Debye length we derive the
TM model with or without the surface charge advection term depending upon the
scaling of relevant dimensionless parameters. Our analysis also gives a description
of the ionic concentration distribution within the Debye layer, which hints at pos-
sible scenarios for electrohydrodynamic singularity formation. In our analysis we
also allow for a jump in voltage across the liquid interface which causes a drifting
velocity for a liquid drop under an electric field.
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